Purpose: We evaluated the usefulness of rating diŠusion-weighted images (DWI) using a semiquantitative score modiˆed from the Alberta Stroke Programme Early CT Score (ASPECTS) to predict deterioration of neurological symptoms in patients with hyperacute ischemic stroke who had undergone thrombolytic therapy with recombinant tissue plasminogen activator (rt-PA).
Introduction
Thrombolysis with intravenous recombinant tissue plasminogen activator (rt-PA) within 3 hours of onset of acute ischemic stroke improves patient outcome. 1, 2 Treatment response is highly time dependent; favorable outcome declines rapidly as time from stroke onset increases. 2 Early ischemic changes on noncontrast computed tomography (CT) have been appreciated and thought to be helpful for predicting the beneˆt from thrombolysis. [3] [4] [5] N. Morita et al.
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The extent of ischemic change has been assessed by establishing whether hypoattenuation is present in less or more than one-third of the middle cerebral artery (MCA) territory 6 or by using the Alberta Stroke Programme Early CT Score (ASPECTS). ASPECTS is a semiquantitative grading that subdivides the MCA territory into 10 regions. 7 Extensive ischemic change that aŠect more than one-third of the MCA territory or an ASPECTSÃ7 is associated with poor outcome and might re‰ect an increased risk for thrombolysis-related symptomatic hemorrhage. [6] [7] [8] ASPECTS was also applied to assess early ischemic lesion on diŠusion-weighted images (DWI), but results diŠered from those by ASPECTS on computed tomography (CT). Recently, the Acute Stroke Imaging Standardization Group in Japan (ASIST-Japan) proposed a semiquantitative score modiˆed from the ASPECTS for evaluating early ischemic lesions on DWI (DWI score), but its performance for predicting patient outcome has not been fully validated. Therefore, we compared the use of DWI score with ASPECTS and volume of the ischemic lesion on DWI in predicting patient outcome after acute ischemic stroke and intravenous administration of rt-PA. The patients received intravenous administration of 0.6 mg/kg of the rt-PA, alteplase (10z of total dose as bolus injection duringˆrst minute and remainder as infusion over 1 hour). The mean time to start rt-PA from symptom onset was 141 min (80 to 179 min). Speciˆc guidelines for monitoring and treating raised blood pressure for theˆrst 24 hours after treatment were provided to all patients. Follow-up NIHSS and MR imaging examinations were performed within 24 hours after starting rt-PA treatment. Existence of intracerebral hemorrhage was evaluated by T2*-WI; symptomatic hemorrhage was that associated with increase in NIHSS more than 4 points.
Materials and Methods

From
We divided patients into 2 groups by change between initial and follow-up NIHSS; NIHSS increased in the deteriorated group and decreased or was unchanged in the non-deteriorated group.
Two readers with experience using ASPECTS methodology and who completed a detailed tutorial evaluated DWIˆndings using the DWI score and ASPECTS. They were blinded to clinical information, including side of symptoms, and evaluated scores by consensus. They evaluated the DWI score and ASPECTS using 2 standardized levels, involving the basal ganglionic axial levels and supraganglionic slices. The DWI score included 11 regions: 3 subcortical structures (lentiform, caudate nucleus, and posterior rim of internal capsule), 7 cortical structures (insula, M1 through M6), and one white matter structure (corona radiata); ASPECTS included 10 regions besides the corona radiata ( Fig.  1 ).
In addition, we manually traced the area of hyperintensity on DWI to measure the DWI volume in each slice.
We examined the diŠerences in DWI score, ASPECTS, DWI volume, NIHSS, and other demographic factors between the deteriorated and nondeteriorated groups and compared data between the 2 groups using Student's t-test or Wilcoxon nonparametric test. We also used a cutoŠ value of Ã7 to evaluate sensitivities and speciˆcities of DWI score and ASPECTS for diŠerentiating the deteriorated from non-deteriorated group because previous studies associated ASPECTSÃ7 with poor outcome. Further, we used Spearman's test to analyze correlations between the DWI score or ASPECTS 
Results
Of 22 patients, six were classiˆed as deteriorated and 16 as non-deteriorated. Demographic factors such as time to start rt-PA and symptomatic/asymptomatic hemorrhage were not statistically diŠerent between the 2 groups. In the deteriorated group, mean age was higher, and NIHSS score and DWI volume were signiˆcantly larger than in the nondeteriorated group (Pº0.05). The DWI score and ASPECTS tended to be lower in the deteriorated than the non-deteriorated group but were not statistically diŠerent (Table) . With a cutoŠ value of Ã7, the DWI score could discriminate the deteriorated group from the non-deteriorated group with sensitivity of 50z and speciˆcity of 87.5z and ASPECTS, with sensitivity of 50z and speciˆcity of 81.2z. However, using DWI volume, sensitivity was 83.3z and speciˆcity, 68.7z with a cutoŠ value of AE20 mL (Fig. 2) .
We found no correlation between DWI score, ASPECTS, or DWI volume and NIHSS (r＝ -0.28, -0.23, and -0.39; P＝0.20, 0.28, and 0.06; Spearman's test). In contrast, we found weak, but signiˆcant correlations between the DWI score or ASPECTS and DWI volume (r＝-0.80 and -0.76; Pº0.01 and 0.01; Spearman's test).
Patients with low DWI score and ASPECTS tended to have largely varying DWI volumes; small DWI volume re‰ected large variation in DWI score and ASPECTS (Fig. 3) .
Discussion
ASPECTS is a unique system for evaluating acute ischemic change and is easily adapted even in emergency situations. A dichotomy of ASPECTS between 0 to 7 and 8 to 10 has been previously validated on noncontrast CT and shown to have a role in predicting prognosis of patients with acute stroke who have been treated with intravenous rt-PA within 3 hours after stroke onset. 7, 9 However, the ability of ASPECTS to predict patient outcome on DWI as well as on CT has not been conˆrmed. Barber and associates reported that ASPECTS values on DWI were lower than those on CT because of the higher sensitivity of DWI than CT in detecting acute ischemic lesion. 10 In this study, ASPECTS lower than 8 points in 3 of 16 patients in the non-deteriorated group re‰ected that DWI as compared with CT can overestimate lesion extent. In contrast, DWI scores less than 8 in 2 patients suggested that the 11-point system that adds a region of white matter to the original 10 regions in ASPECTS can compensate for the overestimation on DWI, although we failed toˆnd statistical signiˆcance between DWI and ASPECT scores. In addition, the overlap in DWI scores between the 2 patient groups was comparable or smaller when compared to the DWI volume, which showed a With a cutoŠ value of Ã7, the DWI score overestimates 2 patients of the non-deteriorated group and ASPECTS, 3 patients, though these scores are not signiˆcantly diŠerent between the deteriorated and non-deteriorated groups. With a cutoŠ value of AE20 mL, DWI volumes overlapped substantially between the 2 groups, although the diŠerence between the two was signiˆcant. There were no signiˆcant correlations between the 3 imaging scores and the NIHSS score. There are weak negative correlations between DWI score or ASPECTS and DWI volume (Pº0.01; Spearman's test). There was a tendency that patients with small DWI score had large variation of DWI volume, and patients with small DWI volume showed large variation of DWI score. showed slightly hyperintense area in left white matter and insula. Initial DWI score was measured to 9 points, and DWI volume was 47.2 cc. (c) Initial MR angiography (MRA) showed left M1 occlusion. After injection, symptoms disappeared rapidly and National Institutes of Health Stroke Scale (NIHSS) score improved from 20 to 0 points. (d), (e) Hyperintensity area on DWI still remained on left insula and a small area of high intensity in the white and gray matter, but the lesion did not spread. (f) Recanalization was conˆrmed by a second MRA. After 2 days, small hypointense lesions appeared within ischemia on T 2 *-WI, but these signal changes did not relate to her symptoms (not shown). Magnetic Resonance in Medical Sciences substantial overlap. Hence, DWI score can be utilized to predict patient outcome presumably more accurately than other methods when MR imaging is chosen for initial evaluation of patients with acute stroke. Several issues remain with the DWI score. Our results showed no signiˆcant diŠerence between DWI and original ASPECT scores. Further investigation with a larger number of patients is needed to determine an advantage of DWI score over ASPECTS. We should also conˆrm whether the corona radiata is appropriate as a region for evaluation and whether another region is needed to improve results. Neither was there a consensus as to whether small or faint ischemic lesion is counted and the non-eloquent regions, such as the insula, caudate nucleus, and temporal lobe, should be scored equally with the eloquent regions, such as the corona radiata and internal capsule. Further, similarly to ASPECTS, the DWI score is utilized only in the MCA area and cannot be applied to other areas.
Though there was no correlation between the DWI score, ASPECTS, or DWI volume and NIHSS, most patients with higher initial NIHSS scores were classiˆed into the deteriorated group whether MR imagingˆndings were good. Higher NIHSS would be an important parameter for predicting prognosis. In our case, 11 of 22 patients (50z) showed areas of hypointensity on T2*-WI after rt-PA therapy, but most were asymptomatic and in only 2 patients was this related to their symptoms. We felt this signal change showed not only hemorrhage, but also small leakage of blood product from the vessels as a result of their high detectability. However, because our number of patients was small, we think it is di‹cult to evaluate if these scores can predict the hemorrhagic change.
Finally, our study has several limitations. First, the follow-up period was short. Though we evaluated prognosis at 24 hours after treatment, some cases were recanalized after 24 hours. We guessed that these patients might have improved long-term outcome, and evaluation might be better conducted after a longer period. However, because most patients had moved to another hospital after intensive treatment in the acute phase, follow-up in the chronic phase was di‹cult. Second, our number of patients was small, and six of 22 had ICA occlusion, a condition generally known to have poor prognosis; this uneven distribution might bias prognosis. By increasing patient number and extending follow-up time, the DWI score might be demonstrated more useful to evaluate acute ischemic lesion. Third, our use of a 3T MR imaging scanner provided better detection of ischemic lesion than possible at 1.5T, but higher detectability may result in overestimation of the extent of ischemic lesion on DWI. Use of a high magneticˆeld also reduces examination time, but we should pay attention to other diŠerences in using high magnitude MR imaging.
Conclusion
The semiquantitative DWI score modiˆed from ASPECTS could distinguish with relatively high speciˆcity patients with deteriorated NIHSS from those without deterioration. This method can be used to evaluate extent of acute ischemic lesion on DWI and may predict more accurately than ASPECTS or DWI volume patient outcome after thrombolytic therapy.
